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Abstract

A California population of Abies lasiocarpa has volatile leaf oil composition similar

to an Oregon Cascade population. Both are distinct from a Colorado population that

contains greater percentages of santene, alpha-pinene and camphene and smaller rela-

tive proportions of 6g/a-phellandrene and limonene.

Subalpine fir, Abies lasiocarpa (Hook.) Nutt., is a western cordil-

leran species of major importance in high elevation forests (Fowells

1965). In the Rocky Mountains it is abundant along with Picea en-

gelmannii Parry ex Engelm. and Pinus contorta Dougl. ex Loud. In

the Cascade Range its associates are Abies amabilis (Dougl.) Forb.

and Tsuga mertensiana (Bong.) Carr. (Franklin and Dyrness 1973,

Liu 1971). The range of the species in the Cascades is more or less

continuous southward to 44°N except for the Columbia River gap.

Three disjunct populations occur at lower latitudes in Oregon and
California (Sawyer et al. 1970, Sawyer and Cope 1982). These

populations grow in the Klamath Mountains, a region that is geolog-

ically (Oakeshott 1971) and floristically (Whittaker 1961) distinct from

the volcanic Cascades of Oregon and northern California. The south-

ernmost California population is separated from the Cascade trees by
some 180 km.

Subalpine fir shows considerable geographic variation morphologi-

cally and chemically, especially in volatile oil composition (Hunt and
von Rudloff 1974, 1979; Zavarin et al. 1970). Analysis of terpenes of

leaves and cortex (Hunt and von Rudloff 1974, 1979; von Rudloff

1975, Zavarin and Snajberk 1972, Zavarin et al. 1971) also showed
thsit Abies lasiocarpa introgresses with Abies balsamea (L.) Miller in

Canada. The taxonomic conclusions vary. Boivin (1959) proposed var-

ietal status for A. lasiocarpa, and Hunt and von Rudloff (1979) sug-

gested the recognition of three species, A. balsamea, A. bifolia Murr.,

and A. lasiocarpa. Comparison of Klamath Mountains populations

with those of the Oregon Cascades and Rocky Mountains adds infor-

mation by describing subalpine fir at its southwestern range limit.

Madrono, Vol. 30, No. 2, pp. 110-114, 20 April 1983



1983] COPE: AFFINITIES OF ABIES LASIOCARPA 111

OJ t/2

1

1

c 6

H [/2 >-i ^^ OJ <^

C

<-i-i

C O

OJ

^ -O "O

- - -
2

OJ

^ Sw o
o >

•7 3 I-i OJ

M ^
QJ ^ C

S ;^ & II

H V) *
2i >. .

O ^ 73 X)
5, 03 G
^ > cu a
H O £

d, 3 ^ li

O O G

w
Z "t! to tj
W 0^ a3

G - C
< G

O -C cu

3
P II

a ,

G - I

O O -5 .

H G c3 >^

^ • 2 ^ ^.

o 3 d
Pi 13 G
W <^ G c^i

CLh O

cu

^- -o

J G

< -o

G
O ,^a c/i

s ^

.° §

a

G ^
<U OJa G

q CO 00 ON

d d d d ON d

xl-O o q \0

T d
7 7

00 d
1

+ ON + + to lO
1

+
d CM

c-O -t-

^ rsi

+ ^

d rsi

-H O ogcDNl^O^-— irMrsjoO<^ON
—<dddddd'-o'~-j^d

00

t r-i
'-^ rs)

00 "—I rsi

-h' ^' d d—I
^ ^ III I I I I IOOO t^rou^ OO-j--— lO'^O'— i-^—

I

.-id ror^oo d ^ d) d> (z> d) d

d
o <-o

<^ d d

1- q
ly-) ON

CM fS)

I I IO <~0 ^

G
O) cu

C
"

CO H

G

c c

t5

"a. U
G '

c3 G

^ ^

^=3 ^c a s >_

c o
.3 lU ^a G a 2

G 5 c

O cu -Ci,

H PQ H ~S PQ ^

73
OJ

c
' G 1^

-g' 'g

u u
-d X)

OJ (U
c^ c^

C C
cu cu

-o

'c 'c

t - 00 o o i~s) rv^ -I" nO 00 On



112 MADRONO [Vol. 30

40
UJ
a.
cc

30

Ilk

Colorado

Canada

£3 Oregon

California

niiii -
9

10

PEAK NUMBER

Fig. 1. Percent of total terpene composition in order of elution of each terpene or

terpene group from SE-30 column.

Methods

Samples containing leaves only were taken in September and early

October 1977 from: 9 trees at 2050 melevation from the edges of Little

Duck Lake, Siskiyou County, California (123°W, 41°30'N); 5 trees at

2150 m on rocky slopes surrounding O'Dell Butte Lookout station,

Klamath County, Oregon (122°W, 43°30'N); and 5 trees at 3400 m in

moist meadow edges. Park County, Colorado (106°W, 39°N). Proce-

dures for collection, transportation, storage and preparation for mono-
terpene analysis of leaf oil using gas-liquid chromatography followed

Hunt and von Rudloff (1974).

After steam distillation, quantitative runs were made on two CLC
columns (3% SE-30, 60-80 mesh Gaschrom Q, inside diameter 2.5

mm, length of 300 mm; 2% Carbowaxx 20M and 1% OVl7, 80-100

mesh Chromasorb G-H.P. with inside diameter 2.5 mm, length of 300

mm).
Relative percentages of the monoterpenes were determined by in-

tegration of peak areas. It was necessary in some cases to calculate

percentages for groups of terpenes because not all terpenes were sep-

arated sufficiently for individual calculation of terpene amount. Error

in peak area calculation was estimated to vary from 1% (major peak

representing at least 50% of the sample) to 30% (minor peaks repre-

senting less than 2% of the sample).
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Table 2. Ranges of Two Terpenes and Two Terpene Groups Separating

Alberta and Colorado Populations of Abies lasiocarpa from California and
Oregon Populations.

Terpene or Oregon and Alberta and

Peak no. terpene group California Colorado

1. Santene 0 0.8-3.9

2.3. alpha-F'mene 1.1-3.3* 3.6-7.9

4. Camphene trace-0.4 7.3-24.5

8.9.10. 6e/a-Phellandrene 53.1-75.4 10.0-51.5

* Hunt and von Rudloffs (1979) values are higher (3.5-4.5) for their coastal sample,

thus overlapping with Rocky Mountain alpha-Finene data.

Results and Discussion

Table 1 lists the range and mean for each terpene in order of its

elution. Hunt and von Rudloffs (1974) data from Alberta are included

for comparison. Terpenes that did not permit individual calculation

of percentages are tricyclene and alpha-pinene (Peaks 2 and 3), beta-

pinene and myrcene (Peaks 5 and 6), limonene, 6e/a-phellandrene and
trans -ocimene (Peaks 8, 9 and 10), bornyl acetate, methyl thymol and
thymol (Peaks 16, 17 and 18) and the sesquiterpenes (Peaks 20 and
21). These peaks are designated by their suspected major components,
alpha-pinene, beta-pinene, 6g^a-phellandrene and bornyl acetate, re-

spectively. The percentages of these groups are listed (Table 1) and
graphed (Fig. 1) by group. Hunt and von Rudloffs (1974) data are

grouped where appropriate by adding percentages of the individual

terpenes involved.

The relative amounts of monoterpenes of the Klamath Region pop-

ulation of California are similar to those of the Oregon Cascades. The
6gto-phellandrene group, santene, camphene, the alpha-pinene group

and the bornyl acetate group in the Klamath and Cascade populations

are similar in percent of the total terpene composition (Fig. 1). There
are substantial monoterpene differences between these populations and
the Rocky Mountain populations of both this work and Hunt and von
Rudloffs (1974, 1979) studies.

The distinctive character of the volatile oil composition of Rocky
Mountain populations in comparison to Klamath/Cascade populations

is shown in Table 2. The western populations have no detectable

santene, an alpha-pinene group of less than 3.5% (contrasting with

Hunt and von Rudloffs (1979) alpha-pinene range of 3.5-4.5%), a

trace of camphene and a /?g/a-phellandrene group of greater than 50%
of total terpene composition. The Rocky Mountain populations con-

tain evidence of the presence of santene, alpha-pinene in amounts
greater than 3.5%, camphene greater than 7%, and the ^g^a-phellan-
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drene group less than 50% of the total terpene composition. These
results argue for Hunt and von Rudloffs (1979) recognition of Abies

bifolia as specifically distinct from Abies lasiocarpa.
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